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Cervical discs are most susceptible to heta2-microglobulin amyloid
deposition In the vertebral column. Intervertebral discs of 41 chronic
renal failure autopsy cases were examined histologically and immuno-
histochemically to assess the distribution of beta2-microglobulin-asso-
ciated (/32m) amyloid in the vertebral column. The results demonstrated
2m amyloid to appear first in the cervical discs, then in the lumbar and
upper thoracic discs, and finally in the middle and lower thoracic discs
as the dialysis period is prolonged. The shortest dialysis period for
which 132m amyloid was detected was one year and seven months.
Deposition of 32m amyloid was most remarkable in the C4-5, 5-6, and
6-7 levels, which are known to sustain severe mechanical stress in daily
life. Thus it is suggested that local mechanical stress accelerates f3.2m
amyloidosis. A marked macrophage reaction was observed around the
amyloid in cases of severe amyloidosis, the macrophages themselves
being immunohistochemically positive for IL-i beta and TNF-alpha.
Amyloid deposition and reactive inflammation mediated by cytokines
appear to be closely related to the pathogenesis of destructive spondy-
loarthropathy.
Long term survival of patients with chronic renal failure
treated with hemodialysis therapy has recently been revealed to
be associated with unique complications in the osteoarticular
system, such as carpal tunnel syndrome, bone cysts, and
multiple arthropathies [1—4]. These problems are presently
thought to be closely related to a newly recognized systemic
amyloidosis, namely hemodialysis-relatetl, in which beta2-mi-
croglobulin (/32m), an 11800 dalton protein, has been identified
as the major component of the deposited amyloid fibrils [5—7].
The intervertebral discs involvement silently precedes clini-
cal symptoms, that is, carpal tunnel syndrome [8]. Therefore,
the intervertebral disc is regarded as a suitable tissue for
evaluating the prevalence of /32m amyloidosis. Although almost
all intervertebral discs are the same in structure as in histologic
constituents, they show different ranges of motion on changing
the posture and sustain different degrees of mechanical stress
according to their levels in the column [9—12]. Therefore, it is
reasonable to evaluate the influence of mechanical stress on
f32m amyloidogenesis by examining intervertebral discs. In the
present study, the distribution and degree of amyloid deposition
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were assessed in every intervertebral disc along the entire
length of the spine in order to cast light on this question and on
how /32m amyloidosis progresses according to the dialysis
period.
Methods
This study is based on the autopsy specimens of 41 patients
with chronic renal failure who were examined at the Depart-
ment of Pathology, Toranomon Hospital, Tokyo, from 1976 to
1990. In all cases, the entire length of the spine, from the
cervical to sacral regions, was well preserved. The patients
consisted of 31 males and 10 females ranging in age from 37 to
91 years old, with a median of 65 years. Thirty-six had under-
gone dialysis for periods ranging from 1 month to 18 years: less
than 1 year, 11 cases; ito 3 years, 6 cases; 3 to 5 years, 5 cases;
and 5 to 18 years, 11 cases. The remaining five had not
undergone dialysis. The dialysis period included not only time
on hemodialysis but also peritoneal dialysis. However, the
latter was always less than two months, if performed at all.
Hemodialysis was mainly with the cuprophane membrane. The
presence of carpal tunnel syndrome and osteoarticular symp-
toms was assessed by examination of the clinical records.
After fixation in 10% formalin solution, all intervertebral
discs in each case were cut transversely and routinely proc-
essed through graded solutions to paraffin blocks. For screening
32m amyloid positive cases, two blocks were taken from
cervical and lumbar vertebrae and examined histologically as
well as immunohistochemically. In cases positive for f32m
amyloid, all discs and main visceral organs were examined for
its distribution. In cases with markedly compressed and broken
discs due to destructive spondyloarthropathy (DSA) [13—151,
sagittal sections containing the compressed discs and contigu-
ous vertebral bodies were made en bloc to allow simultaneous
investigation of changes in discs, cartilagenous plates and
vertebral bones.
Sections cut 6 m in thickness were stained with Congo red
according to the method of Puchtler, Sweat and Levine [16].
Amyloid was identified histologically by positive staining for
Congo red and characteristic green birefringence under polar-
ized light. Sections cut 3 m in thickness were subjected to
indirect immunohistochemical staining of human beta2-micro-
globulin (DAKO, Kyoto, Japan). Positive 2m amyloid in the
present study is defined as the presence of substance which is
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Fig. 1. Distribution and degree of /32m
amyloid deposition in intervertebral discs.
Closed circles represent discs where f32m-
associated amyloid deposition was confirmed,
and the size of the circle indicates the degree
of amyloidosis (0, none;•, mild;S,
moderate; •, severe). Large Figure "D"
indicates a site of destructive
spondyloarthropathy. /32m amyloid appeared
first in the cervical discs, generally with
increasing involvement of the lumbar and
upper thoracic discs according to the length of
dialysis period. Note that 'D" is consistent
with the sites where /32m amyloid deposition
is most marked.
Table 1. Incidences of f32m amyloid in intervertebral discs
Dialysis period
Disc amyloidosis
Cervical Lumbar
<1 year
1—3 year
3—5 year
<5 year
0/19 (0%) 0/19 (0%)
2/6 (33%) 0/6 (0%)
4/5 (80%) 1/5 (20%)
10/li (91%) 10/11 (91%)
Total 16/41 (39%) 11/41 (27%)
positive not only for Congo red with birefringence but also for
f32m.
In two patients, fresh disc tissues were also taken from the
autopsy specimens. These two patients had been dialyzed for
longer than 10 years, and the degree of amyloid deposition was
marked. Frozen sections were immunohistochemically stained
for macrophage antigen (CD68) (DAKO), interleukin (IL)- 1
alpha, beta, and tumor necrosis factor (TNF)-alpha (Genzyme,
Boston, Massachusetts, USA) to characterize the cells infiltrat-
ing around the amyloid.
Immunohistochemistry
Paraffin-embedded sections were laid on poly-L-lysine-
coated slides, deparaffinized, and digested by 0.1% trypsin
(Sigma Chemical Co., St. Louis, Missouri, USA) for 20 minutes
at 37°C. Frozen sections were fixed in acetone for three minutes
and subsequently incubated in either normal horse or goat
serum (DAKO) for 20 mcnutes, depending on the species in
which the biotinylated antibody had been raised. The biotiny-
lated antibody was detected with a streptoavidin-alkaline phos-
phatase conjugate (BioGenex Laboratories, Dublin, California,
USA). The following were used as primary antibodies for two
hours of incubation at 37°C in humidified chambers: a poly-
clonal rabbit antihuman beta2-microglobulin (DAKO) used at a
dilution of 1:40; a mouse monoclonal antibody to CD68 that
recognizes a membrane antigen on human macrophages used at
a dilution of 1:100; a polyclonal rabbit antimurine IL-I alpha
and beta antibody (Genzyme) used at a dilution of 1:150; and a
polyclonal antimurine TNF-alpha (Genzyme) specific for either
native or recombinant murine TNF-alpha, used at dilution of
:100. Streptoavidin-biotinylated alkaline phosphatase complex
was detected by naphthol-AS-BI-phosphate acid and hexazo-
tized new fuchsin solution (Sigma Chemical Co.).
The degree of amyloid deposition was classified into three
grades: mild, moderate and severe. Mild amyloidosis represents
small granular deposits localized in small areas of the annulus
fibrosus (Fig. 2). Severe amyloidosis, in contrast, was charac-
terized by large nodular deposits among the collagen bundles of
the annulus fibrosus, with amyloid occupying more than half its
area (Fig, 3). Moderate amyloidosis was diagnosed when an
intermediate degree of deposition between mild and severe
cases was observed.
Results
The incidences of /32m amyloid in cervical and lumbar discs
after different dialysis periods are summarized in Table 1. /32m
amyloid was not found in any of the non-dialysis cases or cases
where dialysis was performed for less than one year. The
shortest period of dialysis after which /32m amyloid was de-
tected was 1 year 7 months. In cases of dialysis for less than five
years, the cervical discs were involved more frequently than the
lumbar discs. Almost all cases of dialysis for more than five
years showed /32m amyloid deposition in both cervical and
lumbar discs.
Detailed data for the 16 cases which were positive for f32m
amyloid in the discs are listed in Table 2. Carpal tunnel
syndrome was detected clinically in three cases in which
dialysis exceeded nine years. The results for examination of the
distribution of 2m amyloid along the entire spine and its
relation to dialysis period are illustrated in Figure 1. In cases of
dialysis for less than five years, /32m amyloid was found almost
exclusively in the cervical discs. The degree of amyloid depo-
sition was also mild in almost all cases, and /32m amyloid was
observed in granular patterns in the annulus fibrosus, especially
in the outer zone (Fig. 2). Signs of degeneration, such as
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Table 2. Summary of /32m disc amyloidosis case data
No. of
case Age Sex
Dialysis
period
Cause
of CRF
Disc amyloidosis
CTS DSA
Main organ
involvementCervical Lumbar
1 76 M 1Y 7M CON + - — - -
2 83 M 2Y 7M NS + — — — —
3 79 M 3Y 2M DM -i- + — — —
4 65 M 41' SM DM + - - - -
5 56 F 4Y 7M CON + — — — —
6 65 M 4Y SM DM + - - - -
7 71 M 5Y 7M DM -t- + — — —
8 72 M 81' SM PCKD + + - + -
9 51 M 9Y CON + + + + —
10 67 F 9Y 11M CON + + — — —
11 47 M 101' IM CON + + — - -
12 67 M 13Y 1M CON + -I- — + —
13 61 M 13Y 11M CON + + — + -
14
15
82
37
M
M
15Y 4M
17Y SM
CON
CON
+
-4-
+
-4-
—
+
a
+b
16 59 M 1SY CON + + + — +c
Abbreviations are: CRF, chronic renal failure; CON, chronic glomerulonephritis; NS, nephrotic syndrome; DM, diabetes mellitus; PCKD,
polycystic kidney disease; CTS, carpal tunnel syndrome; DSA, destructive spondyloarthropathy.
a Heart, stomach, intestine, prostateb Heart, kidney, liver, lung, tongue, pancreas, adrenal, skin, muscle
Heart, stomach, intestine, tongue, salivary gland, muscle, meninx
FIg. 2. A. fl2m amyloidosis of mild degree. Small nodular amyloid deposits are located in the annulus fibrosus. No macrophage reaction is present
around the amyloid. (Case No. 3, Congo red stain, x25) B. Note the degenerative edematous change associated with the amyloid deposits. (HE
stain, x25)
edematous change, hyalinous change and small vessel forma-
tion were occasionally observed associated with the amyloid
deposition in mild amyloidosis cases. Inflammatory cells were
rarely seen around the amyloid deposits in this stage (Fig. 2).
In cases of dialysis for more than five years, /32m amyloid was
found not only in the cervical discs but also in the lumbar and
upper thoracic discs. /32m amyloid deposition was rarely
present, and if so very mild in the middle and lower thoracic
discs. Cervical discs, especially in the C4-5, 5-6, and 6-7 levels,
showed the most marked degree of /32m amyloid deposition,
where degenerative changes extended from the annulus fibrosus
to the nucleus pulposus. In such cases inflammatory cells with
phagocytosis and formation of small vessels were often encoun-
tered around the amyloid deposits in the annulus fibrosus (Figs.
3, 4 and 5). Inflammation was remarkable in the outer zone of
the annulus fibrosus, and the degree of the inflammatory
reaction tended to correlate with the degree of amyloid depo-
sition. In some areas, amyloid was present exclusively in the
cytoplasm of macrophages (Fig. 5).
Immunohistochemically, almost all inflammatory cells were
stained positive for CD68. In addition, the inflammatory cells
and endothelium of small vessels around the amyloid were
positive for IL-l beta and TNF-alpha (Fig. 6).
Destructive spondyloarthropathy (DSA) was observed in
four patients whose dialysis period was more than eight years
(Fig. 7a, b, c). In Figure 1, "D" represents sites of DSA. In two
cases, the discs involved in DSA showed marked compression,
degeneration, and necrosis accompanied by /32m amyloid dep-
osition. Amyloid deposits were seen in the annulus fibrosus and
degenerated nucleus pulposus. Cartilagenous plates also
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Fig. 3. Severe f32m amyloidosis in an intervertebral disc. A. Large Fig. 5. Area illustrating only fibrous tissue and macrophage infiltra-
amyloid deposits are seen among the collagen bundles in the annulus tion, no amyloid deposition being evident free in the interstitium. (Case
fibrosus. (Case No. 15 in Table I, Congo red stain, x25) No. 15, HE stain, x25)Amyloid is present exclusively in the cytoplasm
of the macrophages. (inset, x60)
Fig. 4. Case of severe amyloidosis. Many macrophages are observed
infiltrating around the aniyloid in the outer zone of the annulus fibrosus.
Note phagocytosis of amyloid by multi-nucleated cells. (Case No. 15,
HE stain, x40)
showed degenerative changes and rupture. In the other two
cases, disc tissue had disappeared completely and vertebral
bodies were fused, no amyloid deposits being observed and
only granulation and fibrosis being apparent (Fig. 7c). How-
ever, the contiguous discs showed marked J32m amyloid depo-
sition along with degenerative changes, and cartilage plates
were also destroyed in a variable manner. In the four cases with
DSA, no amyloid deposits were present in bone tissue outside
of the disc. Calcium pyrophosphate dehydrate deposits were
not found to be present in DSA lesions.
Discussion
The present results suggested that the process of 132m amy-
loidosis does not progress equally with longer duration of
dialysis in every vertebral disc and that the progression of 2m
amyloid deposition has a pattern. Namely, /32m amyloid ap-
pears first in the cervical discs, then in the lumbar and upper
thoracic discs, and finally in the middle and lower thoracic
Fig. 6. Macrophages and endothelium of small vessels observed
around amyloid deposits are immunohistochemically positive for IL-I
beta. (Case No. 15, x50)
discs. In addition, the present study demonstrated that five
chronic renal failure patients who did not require dialytic
replacement had no amyloid deposits in their autopsy speci-
mens. Types of disease process were nephrosclesis (3 patients),
diabetes mellitus, and chronic glomerulonephritis, respectively.
Residual creatinine clearance ranged from 3.8 to 12 mI/mm with
a median of 6.3 ml/min. Duration of renal disease ranged from
4 to 14 years with a median of seven years. The present result
re-confirmed that the hemodialysis period, not the type of
disease process nor duration of renal disease, is essential for
amyloidogenesis.
It is well known that 2m amyloidosis predominantly in-
volves periarticular tissues, such as the wrist, hip, and shoulder
joints, causing various clinical symptoms [4]. Attempts to
elucidate the mechanism of such amyloidogenesis have resulted
in reports of a high collagen-binding affinity of f32m [17]. In the
present study, while f32m amyloid in the discs was indeed
located along the collagen bundles of the annulus fibrosus, this
4
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Fig. 7. a. Macroscopic appearance of a DSA
lesion. The 0-6 disc has been destroyed and
is no longer in evidence (long arrow).
Contiguous vertebral bodies are fused with
each other. The C4-5 disc (short arrow)
demonstrates marked degenerative changes
with amyloid deposition. The cartilagenous
plate at this site is ruptured. (Case No. 9) b.
The same site as in (a), detail of short arrow
lesions. p2m amyloid deposition, infiltration of
macrophages and destruction of the disc,
cartilagenous plate and bone are closely
related with each other. (Case No, 9, HE
stain, x25) e. The same site as in Fig. 7,
detail of long arrow lesion. In the fused site,
granulation tissue is predominant and no
amyloid deposition can be seen. (Case No. 9,
HE stain, xl6)
could not explain the present finding of time and location-
dependence of fJ2m amyloid deposition. According to White
and Panjabi [10], the cervical spine shows the widest range of
movement in all directions, and the lumbar spine shows the
second widest range. Therefore, the cervical levels of the spine
are assumed to be the most severely mechanically stressed
during life. The present results indicate the intimate relationship
between the degree of deposition and the degree of local
mechanical stress sustained. Thus in the cervical spine at the
C4-5, 5-6 and 6-7 levels, where the range of motion is widest in
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the vertebral column, 2m amyloid deposits appear first, the
degree advancing with time. Periarticular tissues, and particu-
larly those susceptible to f32m amyloid deposition, are sites
sustaining severe mechanical stress due to the motion of daily
life. Therefore, in line with the indication of the present study of
intervertebral discs, f32m amyloidogenesis in the periarticular
tissue of the major joints may also be accelerated by mechanical
stress.
Degenerative changes of intervertebral discs appearing with
advanced age are most marked in C4-5, 5-6, 6-7, and L2-3, 3-4
levels [9—11], where the vertebral discs show the widest range
of motion and severest deposition of /32m amyloid, as described
above. The observation of $2m amyloid is often closely asso-
ciated with degeneration of the annulus fibrosus, including
edematous change, suggesting that these tissue damages ac-
companied by severe mechanical stress and the aging process
provide a microenvironment suitable for /32m amyloid deposi-
tion. Snow, Wilmer and Kisilevsky reported that highly sulfated
glycosarninoglycans, such as heparan sulfate proteoglycan, are
common constituents in many different types of amyloid which
they suggested might influence the folding diverse proteins [181.
In 132m amyloidosis, proteoglycan-like structures around amy-
bid deposits have been observed under the electron micro-
scope [19]. Qualitative and quantitative changes of collagen and
proteoglycans caused by long term dialysis and mechanical
stress may be causal factors for 132m amyloidogenesis clearly
warrants attention.
As shown in Figure 4, marked cell reactions, the most of
which were CD68-positive macrophages, were usually ob-
served around the amyboid deposits in cases of severe amyloi-
dosis. In some areas, amyloid deposits were present exclusively
in the cytoplasm of macrophages, which suggested phagocyto-
sis and degradation (Fig. 5). Inflammatory reactions around the
amyloid deposits seem to be closely related to the symptom,
such as pain. In recent years, it has been demonstrated that
macrophages have an amyloid enhancing factor in experimental
AA amyloidosis model [20]. The role of macrophages and
amyloid enhancing factors should be studied further.
Since the first description of Kunz and colleagues, destruc-
tive spondyloarthropathy (DSA) has been increasingly recog-
nized as a complication of long-term hemodialysis therapy [13].
Previous reports referred to deposition of hydroxyapatite crys-
tals or secondary hyperparathyroidism as a possible cause of
DSA [15]. On the other hand, the notion that DSA is one of the
symptoms of f32m amyloidosis has also been advocated since
Sebert's report [14]. DSA often occurs at the level of C3-4, 4-5,
5-6, L2-3 and 3-4 as in the present study and the observed
marked degenerative changes of disc tissue, rupture of cartilag-
enous plates, and destruction of vertebral bones occur at the
same sites as /32m amyloid deposits. Marked infiltration of
macrophages and formation of granulation were found around
the amyloid deposits, J32m amyloid deposition, reactive inflam-
matory changes and destruction of bone seeming to be closely
associated with each other. In two cases, complete disappear-
ance of disc tissue and fusion of the vertebral bones were
apparent, and there were no amyloid in the fused sites. These
two cases might be considered to be in the end stage of the
destructive process due to f32m amyloid deposit where the
amyloid deposits themselves have been absorbed and degraded
by macrophages and replaced by fibrous tissue.
In recent years, various cytokines involved in the inflamma-
tory response have been investigated. Three of these, IL-I
alpha, beta and TNF-alpha produced by macrophages and
synovial cells are known to promote inflammation and activate
osteoclasts [21]. In the present study, infiltrating macrophages
were found to be immunohistochemically positive for IL-i beta
and TNF-alpha. Thus, it is very possible that deposits of f32m
amyloid and reactive macrophages around them can cause the
destruction of disc tissue, cartilagenous plates, and vertebral
bones, and that IL-beta and TNF-alpha secreted by macro-
phages and endothelium accelerate the inflammatory reaction.
In summary, we demonstrated that cervical vertebrae are
most susceptible to f32m amyloid deposition and precede other
clinical symptomatology, which suggested that the most me-
chanically stressed portion in daily life is initially involved in
f32m amyloidosis. Furthermore, the destructive spondyloar-
thropathy is often associated with /32m amyloid. Mechanisms of
amyloidogenesis, especially about extra-matrix changes associ-
ated with amyloid deposition and mechanical stress should be
studied in the future.
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